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Remarks 

Claims 1-6, 10, 1 1, 12, 21, 23, 26 and 28 having been amended and claims 7 and 37 
having been cancelled herewith, the pending claims are claims 1-6, 10-15, and 17-36. Of these, 
claims 1, 2, 12, 13, 15, 22, and 24-35 have been withdrawn from examination, such that claims 
3-6, 10, 1 1, 14, 17-21, 23, and 36 are presently under examination. 

Claims 1, 3-5, 10 and 1 1 have been amended to recite an isolated nucleic acid molecule. 
Support for this amendment is found in the specification at, for example, page 20, line 20. 

Claim 4 has been amended to recite a membrane targeting portion of an i-antigen 
polypeptide which is capable of targeting a polypeptide to the endoplasmic recticulum or to the 
plasma membrane. Support for this amendment is found in the specification at, for example, 
page 18, lines 12-14. 

Claims 6 and 21 have been amended to recite a Tetrahymena host cell. Support for this 
amendment is found throughout the specification, for example at page 25, lines 23-28, and in the 
claims as originally filed, for example claim 7. 

Claim 10 has been amended to recite exemplary hybridization conditions as found in the 
specification at page 17, lines 23-26. 

Claim 1 1 has been amended to recite exemplary hybridization conditions as found in the 
specification at page 18, lines 15-16. 

Claim 2 has been amended to correct an obvious error in the dependency of the claim. 

Claims 12, 26 and 28 have been amended to correct obvious grammatical errors. 

Claim 7, reciting several organisms including Tetrahymena, and claim 37, reciting a 
multicellular organism, have been canceled, without prejudice, as claim 6 from which they 
depend has been amended to recite a Tetrahymena host cell. 

Reconsideration and withdrawal of the rejections in view of the above amendments and 
the following comments are respectfully requested. 
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Errors to th e Appendix to the Amendment and Response filed June 3. 2002 

Applicants respectfully draw the Examiners attention to claims 2, 6, 12, 13, and 22 
recited in the Appendix to the Amendment and Response filed June 3, 2002. 

Claim 2 was originally filed as depending from "claim 2," and was corrected to depend 
from claim 1 in the Appendix submitted June 3, 2002. However, the change was made without 
indicating an amendment had been made. Applicants have made this amendment in the present 
Amendment and Response. 

Additionally, through oversight, Applicants inadvertently set forth incorrect text for 
claims 12, 13, and 22 (presently withdrawn from examination) in the Appendix to the 
Amendment and Response submitted June 3, 2002. Applicants have, in the present Amendment, 
set for the correct text for claims 12, 13, and 22, which is the text as originally filed. No 
amendments have been made to claims 13 and 22. As noted above, claim 12 has been amended 
herewith to correct an obvious grammatical error. 

Status of Claims 

In the Office Action mailed April 9, 2003, the Examiner noted in the section entitled, 
"Detailed Action" that claims 1-7, 10-15 and 17-37 were pending in the instant application, and 
further noted that claims 1-2, 12-13, 15, 22, and 24-35 had been withdrawn from further 
consideration as being drawn to a non-elected invention. Consequently, claims 3-7, 10-1 1, 14, 
17-21, and 36-37 were under consideration. 

Applicants note with appreciation that the Examiner has agreed to include claims 5 and 
1 1 in the group of claims presently under examination, pursuant to Applicants' request set forth 
in the response submitted June 3, 2002. 

Additionally, Applicants note that while the paragraph under the heading "Detailed 
Action" of the Office Action mailed April 9, 2003 indicates claim 23 as pending, it is neither 
indicated as withdrawn, allowed, or rejected in this paragraph. As Item 6 of the Office Action 
Summary indicates claim 23 is rejected, Applicants proceed on the understanding that the claim 
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23 is pending and currently under examination. Clarification is requested if this assumption is 
incorrect. 



Rejection under 35 U.S.C. §101 

The Examiner rejected claims 3-5, 10-11, 14, 17, 19, and 36 under 35 U.S.C. § 101, 
alleging the claimed invention is directed to non-statutory subject matter. 

This rejection is respectfully traversed. However, in order to further prosecution of the 
instant patent application, Applicants have amended claims 3-5, 10 and 1 1 to recite an "isolated" 
nucleic acid molecule and respectfully submit that this amendment overcomes this rejection. 
Furthermore, the rejections to claims 14, 17, 19, and 36, dependent on amended claims, are also 
overcome by these amendments. Reconsideration and withdrawal of the rejection of claims 3-5, 
10-1 1, 14, 17, 19, and 36 is, therefore, respectfully requested. 

Rejection under 35 U.S.C. §112. First Paragraph 

The Examiner rejected claims 6, 21, and 37 under 35 U.S.C. § 1 12, first 
paragraph, alleging the specification does not enable any person skilled in the art to which it 
pertains, or with which it is most nearly connected, to make and use the invention commensurate 
in scope with these claims. Specifically, the Examiner alleged that the specification is enabling 
for a T. thermophila host cell transformed with a heterologous DNA construct, but does not 
reasonably provide enablement for a transgenic cell. This rejection is respectfully traversed. 

Applicants note at the outset that claim 37 is cancelled, thereby rendering the rejection 
moot with respect to this claim. 

Applicants respectfully disagree with the Examiner's position that the specification does 
not provide support for a transgenic cell other than a T. thermophila cell. However, solely for 
the purpose of advancing prosecution of the above-identified patent application, claims 6 and 21 
are amended to recite a "Tetrahymena host cell" (see, e.g., specification at page 25, lines 23-28 
and original claim 7). 
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Applicants respectfully submit that claims 6 and 21, as amended, are enabled by the 
specification as originally field. Reconsideration and withdrawal of the rejection of claims 6, 21, 
and 37 is therefore respectfully requested. 

The Examiner rejected claims 3, 4, 6, 7, 10, 1 1, 14, 17-21, 23, and 37 under 35 U.S.C. § 
1 12, first paragraph, alleging these claims contain subject matter which as not described in the 
specification in such a way as to reasonably convey to one skilled in the relevant art that the 
inventor had possession of the claimed invention at the time the application was filed. This 
written description rejection is respectfully traversed. 

Applicants note at the outset that claims 7 and 37 are cancelled, thereby rendering the 
rejection moot with respect to those claims. 

Of the rejected claims, claims 3, 4, and 1 1 are independent. Claim 3, as amended, 

recites: 

3. An isolated nucleic acid molecule comprising a polynucleotide fragment 
having a nucleotide sequence that encodes an antigenic portion of an i-antigen 
polypeptide having amino acid sequence SEQ ID NO:7, said antigenic portion of 
the i-antigen polypeptide comprising at least about 60 amino acids and being 
capable of inducing an immune response in a fish against /. multifiliis. 

Claim 4, as amended, recites: 

4. An isolated nucleic acid molecule comprising a polynucleotide fragment 
having a nucleotide sequence that encodes at least one terminal membrane 
targeting portion of an i-antigen polypeptide having amino acid sequence SEQ ID 
NO:7, said terminal membrane targeting portion comprising at least about 10 
amino acids and being capable of targeting a polypeptide to either the 
endoplasmic recticulum or to the plasma membrane. 

Claim 1 1, as amended, recites: 

1 1. An isolated nucleic acid molecule comprising a polynucleotide fragment that 
hybridizes to at least a portion of the complement of SEQ ID NO:3, SEQ ID 
NO:5, SEQ ID NO:44 or SEQ ID NO: 102 under conditions comprising about 150 
mM NaCl, 15 mM trisodium citrate, and pH 7.6 at 55°C, wherein the 
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polynucleotide fragment encodes a polypeptide comprising at least a membrane 
targeting portion or an antigenic portion of an i-antigen protein, wherein said 
antigenic portion is capable of inducing an immune response in a fish. 

Claims 6, 10, 14, 17-21 and 23 depend directly or indirectly from, inter alia, claims 3 and 4. 

The Examiner characterizes claims 3, 4, 6, 7, 10, 1 1, 17-21, and 37 as reciting a nucleic 
acid molecule encoding an antigenic protein or peptide fragment. This is only partially correct. 
Applicants wish to clarify that the nucleic acid molecule of claim 3 encodes "an antigenic 
portion of an i-antigen polypeptide having amino acid sequence SEQ ID NO:7 M and that the 
nucleic acid molecule of claim 4 encodes "a terminal membrane targeting portion of an i-antigen 
polypeptide having amino acid sequence SEQ ID NO:7. M The nucleic acid molecule of claim 
1 1 encodes a membrane targeting portion or an antigenic portion of an i-antigen protein, and the 
nucleic acid molecule hybridizes to defined nucleotide sequences under defined conditions. 

In further defining the structure of the claimed nucleic acid molecule, claims 3 and 4 
additionally recite that the portion of the i-antigen polypeptide encoded by the nucleic acid 
molecule includes at least 10 (claim 4) or 60 (claim 3) amino acids of SEQ ID NO: 7. 

Claims 3 and 4 also recite functional characteristics of the claimed nucleic acid 
molecules. Specifically, the portion of SEQ ID NO:7 that is encoded by the nucleic acid 
molecule is "antigenic" (claim 3) or a "terminal membrane targeting" portion (claim 4). The 
antigenic portion is further characterized functionally in claim 3 as "capable of inducing an 
immune response in a fish against /. multifiliis"; likewise, the terminal membrane targeting 
portion is further characterized functionally in claim 4 as "capable of targeting a polypeptide to 
either the endoplasmic recticulum or to the plasma membrane". Claim 1 1 recites that the 
antigenic portion is capable of inducing an immune response in a fish. 

The Examiner argues that the claimed genus is "highly variant" and that, as a result, SEQ 
ID NO:7 alone is insufficient to describe the genus. The Examiner further alleges that 
Applicants have not described a function which is "shared by SEQ ID NO:7" which would 
adequately describe the genus, and contends that the disclosure fails to provide a representative 



Amendment and Response p , - 

Serial No.: 09/497,967 8 ' 

Confirmation No.: 8124 
Filed: February 4, 2000 

For: DIAGNOSTIC AND PROTECTIVE ANTIGEN GENE SEQUENCES OF ICHTHYOPHTHIRIUS 

number of species to describe the genus. Applicants respectfully disagree with the Examiner's 
analysis. 

As noted above, claims 3, 4 and 1 1 recite, for each claimed nucleic acid, both structure 
and related function that characterize the genus. Additionally, one of skill in the art can readily 
determine whether a nucleic acid molecule that possesses the recited structure also possesses the 
recited function by reference to the specification and/or the general knowledge in this highly 
skilled art. At page 19, lines 16-23, for example, the specification provides an assay to 
determine antigenicity, stating: 

An antigenic analog, fragment, or modification of a polypeptide having SEQ ID 
NOs:6 or 7 is one that generates an immune response in fish against /. multifiliis. 
Antigenicity of an [sic] polypeptide can be evaluated in vitro by performing a 
Western blot on the purified polypeptide (for example, an affinity purified 
polypeptide) using polyclonal antisera from a rabbit that was vaccinated with at 
least an antigenic portion of a native /. multifiliis i-antigen protein, preferably 
with a complete /. multifiliis i-antigen protein (e.g., SEQ ID NO:6 or SEO ID 
NO:7). 



The ability of an antigenic polypeptide to generate an immune response in fish can be 
determined using the procedures set forth in Examples 6 and 7, for example, describing the 
generation of an immune response in channel catfish using a protein subunit (Example 6) or 
DNA (Example 7) vaccine. Membrane targeting sequences are readily identifiable, for example, 
using comparative sequence analysis as N-terminal and C-terminal (GPI-anchor) targeting 
sequences have well-known sequence homology. For example, the specification at page 44, 
lines 10-20, teaches one method for identifying an N-terminal membrane targeting sequence: 

. . . [N]eural network algorithms trained on signal peptides and their cleavage 
sites (H. Nielsen et al., Prot. Engin.. 10:1-6 (1997)) were used to examine the first 
50 amino acids of the deduced protein sequence beginning with the methionine 
residue cited above. Such algorithms identified the first 20 amino acids as a 
signal peptide (S mean = 0.839), and predicted a cleavage site between the 
alanine and valine residues (amino acids 20 and 21, respectively) of the deduced 
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amino acid sequence. The N-terminal amino acid of the 48 kD antigen protein 
corresponds to the valine residue predicted above (Clark et al., Proc. Nat. Acad. 
Sci- USA, 89:6363-6367 (1992)). Taken together, these observations argue 
strongly that amino acids 1-20 of the deduced protein constitute a signal peptide. 

C-terminal membrane targeting sequences are likewise well known in the art and readily 
identifiable from the literature, as described, for example, in the specification at page 41, lines 
28-31, to page 42, lines 1-8: 

Hydrophobic domains at the C-termini of GPI-anchored proteins are necessary for 
covalent attachment of glycosylphosphatidylinositol moieties (P. Englund, Annu. 
Rev. Biochem., 62:121-138 (1993)), and the deletion of relevant coding 
sequences from transgenes that encode such proteins usually results in secretion 
rather than membrane binding. Furthermore, there are a number of instances in 
which alternative splicing of endogenous mRNAs gives rise to transcripts that 
either specify, or fail to encode hydrophobic C-terminal peptides (I. Caras et al., 
Nature, 325:545-548 (1987); H. Gower et al., Cell, 55:955-964(1988)). In the 
first case, such products are retained at the plasma membrane (as GPI-anchored 
proteins), while in the second, they are exported from the cell. Both secreted and 
membrane bound forms of a 48 kDa i-antigen have been described in /. multifiliis 
(C.Xuetal., LEuLMcrobjoL, 42:558-564 (1995)). 



SEQ ID NO:7, the amino acid sequence of the full 55kD i-antigen, is antigenic (see, e.g., 
Example 6, page 56, lines 21-24 of the specification) and contains both an N-terminal 
(specification at page 14, lines 21-29) and C-terminal (specification at page 14, lines 29-31, to 
page 15, lines 1-11) membrane targeting sequence. The genus of nucleic acid molecules to 
which claims 3 and 4 are directed encodes a polypeptide which includes one or the other 
functionally characterized portions of SEQ ID NO:7. The recited functionality of the 
polypeptide portion is readily assayable and, in each case, is a function shared by the full length 
polypeptide represented by SEQ ID NO:7. Likewise, the nucleic acid molecule of claim 1 1 is 
defined with reference to a particular structure (SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:44 or 
SEQ ID NO: 102) and a function that is known to be shared by i-antigen polypeptides. 
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It is therefore respectfully submitted that the claims subject to the rejection recite a 
partial structure together with related functional characteristics that are clearly defined and 
assayable. Applicants contend that they are in possession of the necessary common attributes or 
features of the elements possessed by the members of the genus in view of the species disclosed 
and claimed, in accordance with the Written Description Guidelines promulgated in the Federal 
Register, Vol. 64, No. 244, pages 71427-71440 on December 21, 1999. It is respectfully 
submitted that independent claims 3, 4, and 11, as well as claims 6, 10, 14, 17-21, and 23, 
dependent therefrom, comply with the written description requirement of 35 U.S.C. § 1 12, first 
paragraph. 

In view of amendments to the claims and the comments presented herein, reconsideration 
and withdrawal of the rejection of claims 3-4, 6-7, 10-11, 14, 17-21, 23, and 37 under 35 U.S.C. 
§112, first paragraph are respectfully requested. 



Rejection under 35 U.S.C. §112. Second Paragrap h 

The Examiner rejected claims 3 and 4 under 35 U.S.C. §112, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
Applicants regard as the invention. This rejection is respectfully traversed. 

The Examiner stated that the claims are vague and indefinite in the recitation of "at least 
about," asserting that the term confers two separate contradictory limitations. Applicants 
respectfully disagree. 

Claim 3 recites a molecule including a polynucleotide fragment having a nucleotide 
sequence encoding an antigenic portion of an i-antigen polypeptide including at least about 60 
amino acids. The encoded portion may include more than 60 amino acids; therefore, in essence, 
about 60 amino acids is a lower end of a range. The term "about" indicates there is some 
tolerance at the lower end of the range. Claim 4 recites similar language, reciting that the 
terminal portion of the i-antigen polypeptide includes at least about 10 amino acids. Applicants 
assert, therefore, that no contradictory limitations are indicated by the use of the term "at least 
about" in claims 3 and 4. 
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Furthermore, recitation of the term "at least about" does not render the claim per se 
indefinite. Chemical Separation Technology Inc. v. United States, 63 U.S.P.Q.2d 1114, 1123 
(US CtFedCls 2002), citing, Amgen, Inc. v. Chugai Pharmaceutical Co., Ltd., 927 F.2d 1200, 18 
U.S.P.Q.2d 1016 (Fed. Cir. 1991) (the ruling that the term "at least about 160,000" was 
indefinite . . . "should not be understood as ruling out any and all uses of this term in patent 
claims" ). {See also, In re Wertheim, etal, 191 U.S.P.Q. 90, 96 (C.C.P.A. 1976) "It is not 
necessary that the application describe the claim limitations exactly ... but only so clearly that 
persons of ordinary skill in the art will recognize from the disclosure that appellants invented 
processes including those limitations."). Applicants respectfully assert that one skilled in the art 
would understand that the recitation of the term "at least about" in claims 3 and 4 indicates a 
tolerance in what is in essence the lower end of a range. 

The Examiner rejected claim 10 under 35 U.S.C. §112, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
Applicants regard as the invention. Specifically, the Examiner alleged that the term 
"substantially complementary" is not clearly defined in the claims, although the Examiner 
admitted in the present Office Action at page 7, last paragraph, that "substantially 
complementary" is defined in detail at page 17, line 24 to page 18, line 6 of the specification. 
Applicants respectfully submit that the definition of "substantially complementary" may be 
construed in light of the specification ("it is fundamental that claims are to be construed in the 
light of the specifications and both are to be read with a view to ascertaining the invention" 
United States v. Adams et. al, 148 U.S.P.Q. 479, 482 (1966)). However, solely for the purpose 
of advancing prosecution of this application, Applicants have amended claim 10 to recite an 
isolated nucleic acid molecule that hybridizes with any of the nucleic acid molecules of claims 3- 
5 or 36 under conditions exemplified by about 150 mM NaCl, 15 mM trisodium citrate, and pH 
7.6 at 55°C. Applicants respectfully submit that the amendment to claim 10 overcomes this 
rejection. 
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The Examiner rejected claim 1 1 under 35 U.S.C. §112, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
Applicants regard as the invention. Specifically, the Examiner alleged that the conditions of 
"standard hybridization" are not clearly defined. Applicants respectfully disagree, particularly as 
conditions for standard hybridization are clearly set forth in the specification at, for example, 
page 18, lines 15-16. However, solely to advance prosecution of the present application, 
Applicants have amended claim 1 1 to recite hybridization conditions, as disclosed in the 
specification at page 18, lines 15-16, including about 150 mM NaCl, 15 mM trisodium citrate, 
and pH 7.6, at 55°C. Applicants respectfully submit that this amendment overcomes the 
Examiner's rejection of claim 11. 

In view of amendments to the claims and the arguments presented above, withdrawal of 
the rejection of claims 3, 4, 10, and 1 1 under 35 U.S.C. §112, second paragraph, is respectfully 
requested. 

Rejection under 35 U.S.C. §102(hl 

The Examiner rejected claims 4, 6-7, 10-11, 14, 17, 19, and 21 under 35 U.S.C. §102(b) 
as being anticipated by Clark et al. (PNAS, 89:6363-6367 (1992)). This rejection is respectfully 
traversed. 

The Examiner is requested to note at the outset that the cancellation of claim 7 renders 
the rejection moot as to this claim. 

"A claim is anticipated only if each and every element as set forth in the claim is found, 
either expressly or inherently described, in a single prior art reference." MPEP § 2131. 

Clark et al. teach the polynucleotide sequence of a cDNA encoding a portion of a 48 kDa 
i-antigen from an /. multifiliis Gl isolate , serotype A. The Clark et al. nucleotide sequence 
(Exhibit A) represents a portion of nonelected SEQ ID NO: 6 (specifically, amino acids 22 
through 409 of SEQ ID NO: 6 as shown in Fig. 1 of the present application, a copy of which, 
with the nucleotides indicated, is included herewith and marked as Exhibit B, compared with 
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amino acids 1-389 of Clark et al.). Clark et ah do not teach a 55 kDa antigen derived from an /. 
multifiliis G5 isolate or a polynucleotide sequence encoding SEQ ID NO: 7. In particular, Clark 
et al. do not teach a polynucleotide sequence encoding at least one terminal membrane targeting 
portion of an antigen polypeptide having SEQ ID NO:7 which includes at least about 10 amino 
acids, as recited in claim 4, or an antigen portion of an i-antigen polypeptide having SEQ ID 
NO:7 which includes at least 60 amino acids. 

It is clear from Fig. 3(a) (a copy of which is included herewith and marked as Exhibit C) 
of the present application, for example, that the 55 kDa i-antigen from a G5 isolate of 
Ichthyophthirius (SEQ ID NO: 7), which is the basis of the elected invention, is a different 
polypeptide from the 48 kDa i-antigen of Clark et al. The 48 kDa i-antigen and the 55 kDa i- 
antigen are each encoded by different polynucleotide sequences. See also page 29, lines 25-30 
of the specification. 

Turning now to the Sequence Search conducted by the Examiner and attached to the 
Office Action mailed April 9, 2003, the following comments are made. This Sequence Search 
was conducted to compare SEQ ID NO:7 (the 55kD i-antigen) with a database sequence (the 48 
kD i-antigen sequence of Clark et al.). However, the comparison begins with amino acid 93 of 
SEQ ID NO:7. Thus, the N-terminal sequence of SEQ ID NO:7 was not even used in making 
this sequence comparison. For the record, it is also noted that the database sequence used as the 
reference sequence actually begins with amino acid 22 of the full 48 kD i-antigen sequence 
(SEQ ID NO:6). In comparing the sequence of Clark et al (the database sequence) with a portion 
of SEQ ID NO: 7, there is only one common group of at least about 10 consecutive amino acids 
(circled on the copy of the Sequence Search included herewith and marked as Exhibit D), which 
are nucleotides 165-176 of SEQ ID NO:7. Applicants respectfully submit that nucleotides 165- 
176 are not located toward an extremity (i.e., a terminal portion) of a sequence of 468 
nucleotides (SEQ ID NO:7). 

Furthermore, Clark et al., do not teach a polynucleotide fragment that hybridizes to at 
least a portion of the complement of SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 44, or SEQ ID 
NO: 102 (i.e., SEQ ID NO: 7), under standard hybridization conditions, wherein the 



Amendment and Resp nse Page 19 

Serial No.: 09/497,967 
Confirmation No.: 8124 
Filed: February 4, 2000 

For: DIAGNOSTIC AND PROTECTIVE ANTIGEN GENE SEQUENCES OF ICHTHYOPHTHIRIUS 

polynucleotide fragment encodes a polypeptide including at least a membrane targeting portion 
or an antigenic portion of an i-antigen protein, wherein said antigenic portion is capable of 
inducing an immune response in fish, as recited in claim 1 1 and the claims dependent therefrom. 

Clark et al. therefore does not disclose each and every element as set forth in the 
Applicants' claims. Reconsideration and withdrawal of the rejection under 35 U.S.C. § 102(b) is, 
therefore, respectfully requested. 
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Summary 

It is respectfully submitted that pending claims 3-6, 10, 1 1, 14, 17-21, 23, and 36, 
currently under examination, are in condition for allowance, and notice to that effect is earnestly 
solicited. The Examiner is invited to contact Applicants' Representative at the below listed 
number if it is believed that prosecution of the above-identified application can be in any way 
assisted or expedited thereby. 



Respectfully submitted, 
Clark et al. 
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preparation of the probe, the 1 .2-kb cDN A insert was purified 
by agarose gel electrophoresis and labeled to >1(P cpm/jig 
with [a- 32 P]dATP by using random oligonucleotide priming 

(23). - » ~ 

Quantitation of RNA Transcripts. In all cases, RN A levels 
were measured under hybridization conditions of probe ex- 
cess. Changes in transcript prevalence during development 
were determined from densitometry scans of autoradio- 
graphic exposures of Northern blots in which equal amounts 
of RNA from different stages of the parasite were loaded. 
X-ray film strips with exposures in the linear range of 
^response of the film were scanned spectrophotometrically at 
470 nm and individual peak areas were measured and com- 
pared. Results were normalized to ethidium fluorescence in 
ribosomal RNA bands or to signals generated by hybridiza- 
tion of the same filters with a heterologous actin cDNA under 

-conditions of reduced stringency (24) 

Absolute levels of RNA were determined by using a 
single-stranded RNA probe as described in Fig. 3. For probe 
synthesis, the 1.2-kb cDNA was subcloned in pBluescript by 
in vivo excision from A ZAP II DNA according to the supplier 
(Stratagene), and the orientation of the cDNA insert was 
determined by restriction endonuclease analysis. Antisense 
RNA was then synthesized under standard conditions from 

« t ^ w * j r the T7 promoter flanking the insert (25) and the template was 

-a^rose"^ by digestion with RQ1 DNase_(ftp^ 

to Biotrace nylon filters (Gelman) in 20x SSC (3 M NaCI/0.3 Southern Hybridization Analysis. Total genomic DNA was 

M sodium citrate, pH 7.0). Filters were hybridized with isolated from Ich tomites by methods previously described 

alkali-denatured probe (>10 6 cpm/ml), then washed at 65°C for -Tetrahymena (26). -This DNA was -considered to J>e 

as described by Mahmoudi and Lin (22). Final wash buffer predominantly macronuclear in origin by analogy with other 
was 40 mM Na 2 HP0 4 /l% SDS/1 mM EDTA, pH 7.2, For holotrich ciliates (27). DNA. was. digested to completion and. 
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ifinity chromatography with a mouse monoclonal antibody 
(designated 10H3) that strongly immobilized the Ich isolate 
used in these studies (18).~After purification by SDS/PAGE, 
the N-termina! amino acid sequence of the 48-kDa antigen 
was determined by Edman degradation using Applied Bio- 
systems 470A/477A automated protein sequencers (see Fig. 
1). An "antisense" 24-mer oligonucleotide probe (5'- 
AGCAGCACCAACATCAGTCAAACC-3') corresponding 
to eight amino acids"(Gly-Leu-Thr-Asp-Val-Gly-Ala-Ala) 
near the N terminus of the protein was synthesized, end- 
labeled with 32 P, and used to screen the cDNA library (19). 
Among a number of positive recombinants isolated, one 
(designated clone 2-3) contained a 1.2-kilobase (kb) EcoRl 
insert and was further analyzed. The full-length £coRI insert 
and individual Pst I restriction fragments were subcloned in 
M13 phage, and the 1.2-kb cDNA was sequenced in its 
entirety off both strands by the dideoxy method of Sanger et 
aL (20). 

Northern Hybridization Analysis. Parasites were concen- 
trated by centrifugation for 2 min at 1000 x g and total RNA 
was isolated from cell pellets after lysis in guanidine thiocy- 
anate (21). Poly(A) + RNA was purified by two rounds of 
chromatography on oligo(dT)-cellulose. Final concentrations 
of total and poly(A) + RNA were determined by absorbance 
at 260 nm. RNA was fractionated by electrophoresis on 1.2% 
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Fig 1 Nucleotide and deduced amino acid sequence of the Ich i-antigen cDNA. The complete nucleotide and deduced ammo acid sequence 
of the i 2-kb i-antigen cDN A is shown at the top. The N-terminal amino acid sequence of the 48-kDa antigen is on the first line; hyphens represent 
amino acids that could not be identified with certainty. The areas An the.sequence that are boxed and designated by 'Roman . num|raJs sh w the 
regions of extended homology within the deduced protein structure, and they are aligned relative to one another at the bottom part of the figure. 
^Domains I and H, and II and 111 share 82% and 83% identity- aMhe amino -acid sequence level, -respectively. .... _„ 
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